Objectives: To examine associations of whole-grain intake with body weight and adiposity in two nationally representative samples of British adults. Subjects/Methods: A total of 2064 adults aged 16-64 years in 1986-1987, 1599 adults aged 19-64 years in 2000-2001. Whole-grain intake (g day À1 and 16-g amounts) was estimated from consumption of all foods with X10, X25 or X51% wholegrain content, using 7-day weighed dietary records. Body weight, body mass index (BMI) and, in 2000-2001, waist circumference (WC) were measured. BMI and WC were considered as continuous and categorical variables. For each survey, associations of whole-grain intake with body weight and anthropometric indices were examined in men and women separately, before and after adjustment for age, occupational social class, smoking habit, region, season and, in , misreporting. Results: In 1986-1987, whole-grain intake was inversely associated with percentage of men classified using BMI as obese (P ¼ 0.008, trend), independent of other factors. However, intake was not associated with body weight or prevalence of overweight. No corresponding associations were observed among women. In 2000-2001, whole-grain intake was not associated with body weight, BMI or WC. Conclusions: Two national surveys of British adults, with detailed quantitative estimates of whole-grain intake, provide little evidence of an association of whole-grain intake with body weight or measures of adiposity.
Introduction
Some epidemiological evidence, mainly from large cohort studies conducted in the United States, suggests an inverse association between whole-grain food consumption and body weight, weight gain and indicators of adiposity among adults (Jacobs et al., 1998; McKeown et al., 2002; Liu et al., 2003; Good et al., 2004 Good et al., , 2005 Jensen et al., 2004; KohBanerjee et al., 2004; Bazzano et al., 2005; Esmaillzadeh et al., 2005; van de Vijver et al., 2005) . However, other studies have not identified significant associations with BMI (Liu et al., 1999; Jacobs et al., 2001; Liese et al., 2003; Montonen et al., 2003; Steffen et al., 2003; Jones et al., 2004) or waist circumference (Liese et al., 2003; Jones et al., 2004) .
A number of potential mechanisms exist by which whole grains may be associated with a reduced risk of overweight, obesity and excess weight gain (Koh-Banerjee and Rimm, 2003; Slavin, 2004) . For example, whole-grain foods with a high-fibre content, low glycaemic index and larger particle size than refined-grain foods may increase satiety and satiation, and attenuate energy intake (EI). The fibre in whole-grain foods may affect secretion of gut hormones (for example, cholecystokinin), independent of glycaemic response, and thus increase satiety. In addition, consumption of whole grains may lead to delayed starch digestion or absorption, resulting in a lower post-prandial glycaemic response and insulin demand. High plasma insulin concentrations may contribute to long-term weight gain and obesity by altering adipose tissue physiology, such that metabolic substrates (for example, fat) are directed from oxidation to storage. However, it is difficult to ascribe health outcomes directly to whole grains per se since they are often associated with healthier diets in general (containing high amounts of fruit, vegetables and low-fat foods; Togo et al., 2001 Togo et al., , 2004 Newby et al., 2003; Halkjaer et al., 2004; Schulz et al., 2005) and healthier lifestyle characteristics (for example, higher physical activity).
Previous analyses of the association between whole grains and adiposity have estimated intake mostly using foodfrequency questionnaires (FFQs; Jacobs et al., 1998 Jacobs et al., , 2001 Liu et al., 1999 Liu et al., , 2003 McKeown et al., 2002; Liese et al., 2003; Montonen et al., 2003; Steffen et al., 2003; Jensen et al., 2004; Koh-Banerjee et al., 2004; Bazzano et al., 2005; Esmaillzadeh et al., 2005) that have limited detail in relation to serving size and rely on respondents correctly categorising their usual food consumption. Other studies have identified only servings of whole grains rather than absolute amounts, and most studies have included foods with a higher whole-grain (and bran) content (generally X25%; Jacobs et al., 1998; Liu et al., 1999 Liu et al., , 2003 McKeown et al., 2002; Montonen et al., 2003; Steffen et al., 2003; Jensen et al., 2004; Bazzano et al., 2005; Esmaillzadeh et al., 2005) than in this study (X10%).
The objective of the present study was to examine the association between whole-grain intake and anthropometric indices in two nationally representative samples of British adults with detailed quantification of whole-grain intake.
Subjects and methods

Surveys
The Dietary and Nutritional Survey of British Adults included adults aged 16-64 years and was conducted between October 1986 and September 1987 (Gregory et al., 1990) . The National Diet and Nutrition Survey of adults aged 19-64 years was conducted between July 2000 and June 2001 (Henderson et al., 2002) . In both surveys, dietary, biochemical, socioeconomic and lifestyle data were collected from randomly selected participants living in mainland England, Scotland and Wales. Full details of dietary methodology and all relevant aspects of the surveys are provided in the published reports (Gregory et al., 1990; Henderson et al., 2002; Ruston et al., 2004) . Ethical approval for all procedures was granted by Local Research Ethics Committees for each of the postcode sectors included in the surveys.
In 1986-1987, 2197 individuals (1087 men, 1110 women) completed 7-day weighed dietary records. From these records, whole-grain intake was estimated for 2086 individuals (1041 men, 1045 women), who also provided information for each of the assessed sociodemographic and lifestyle factors. These were age group (16-34, 35-44, 45-54 and 55-64 years) , self-reported cigarette smoking status (nonsmoker, smoker), occupational social class of respondent (non-manual, manual), region (Scotland, North, Midlands, East Anglia, Wales, South West, London and South East) and season (Winter, January-February; Spring, April-May; Summer, July-August; Autumn, October-November).
Similarly, in [2000] [2001] 1724 individuals (766 men, 958 women) completed 7-day weighed dietary records. From these records, whole-grain intake was estimated for 1692 individuals (758 men, 934 women), who also provided information for the same sociodemographic and lifestyle factors described above. Factor categories were identical to those in 1986-1987, with the following exceptions: the youngest age group in 2000-2001 was 19-34 years, while season categories were as follows: Winter, January-March; Spring, April-June; Summer, July-September; Autumn, October-December.
Estimating whole-grain intake Full details of methods used to estimate whole-grain intake are contained in a recent paper on comparative wholegrain intake from the same surveys (Thane et al., 2007) . Briefly, from over 4000 'food codes ', 198 and 153 foods were identified in 1986-1987 and 2000-2001 as containing at least 10% whole-grain content, on a dry matter basis as a percentage of the fresh weight of food, that is, as consumed. Of these, 111 and 102 foods in 1986-1987 and 2000-2001 contained X25% whole-grain content, of which 63 and 53 foods were identified as containing X51% whole-grain content in 1986-1987 and 2000-2001, respectively. A cut-off point of X10% whole-grain content was chosen in order not to exclude the contribution to whole-grain intake from porridge which, unlike other breakfast cereals, was coded as being already made up with milk and/or water. The whole-grain content of made-up porridge was estimated at 11%. A previous analysis of the data from 1986-1987 and 2000-2001 found that in addition to the whole-grain intake provided by foods with X51% whole-grain content, those with 25 to o51% whole-grain content provided a further 12 and 17% respectively of whole-grain intake. Foods with 10 to o25% whole-grain content added a further 6 and 10% respectively to whole-grain intake (Thane et al., 2007) . This demonstrates that foods with o51% whole-grain content make a significant contribution to intake but suggests that including food sources with o10% whole-grain content is likely to lead to little further increase. Foods with only X25 or X51% whole-grain content were also considered to allow comparison with other studies that have used these cut-off points of whole-grain content (Jacobs et al., 1998; Liu et al., 1999 Liu et al., , 2003 McKeown et al., 2002; Montonen et al., 2003; Steffen et al., 2003; Jensen et al., 2004; Koh-Banerjee et al., 2004; Esmaillzadeh et al., 2005) .
Consumption of each food (g week
À1
) was obtained at each time, from which whole-grain intake was estimated by assigning individual whole-grain contents through the use of recipes and ingredient information. These were obtained either from the manufacturers (particularly for breakfast cereals), from different editions and supplements of McCance and Widdowson's The Composition of Foods (Paul and Southgate, 1985; Holland et al., 1988 Holland et al., , 1991 Food Standards Agency, 2002) or from a specialist recipe book for cakes and baked cereal products (Hobson, 2002) .
For men and women separately, whole-grain intake has been expressed in g day
, and by zero and 16 g amounts, by considering consumption of foods with X10, X25 or X51% whole-grain content. In the United States, adults have been recommended to consume at least three 16-g servings of whole-grain foods per day (US Department of Health and Human Services and US Department of Agriculture, 2005; US Department of Agriculture, 2007).
Anthropometric indices
Body weight was measured by trained fieldworkers using personal weighing scales, calibrated in 200-and 100-g units in 1986 -1987 , respectively (Gregory et al., 1990 Ruston et al., 2004) . All weighing scales were checked for accuracy and, if necessary, recalibrated before and during each survey. Weight was considered as a continuous variable. Height was measured using a freestanding, fold-up stadiometer in 1986-1987 and the 'Leicester Height Measure' in 2000-2001. BMI was grouped into three categories (o25, 25 to o30 and X30 kg m À2 ), corresponding to 'healthy weight', 'overweight' and 'obese', respectively (World Health Organization, 2000) . Waist circumference (WC) was measured only in 2000-2001, as the mid-point between the iliac crest and the lower rib with the measurement made by trained fieldworkers at the end of normal expiration. WC is reported both as a continuous variable (in cm) and grouped into three categories (o94, 94 to o102 and X102 cm for men; o80, 80 to o88 and X88 cm for women; Lean et al., 1995) .
Statistical analyses
The association of whole-grain intake with body weight and anthropometric indices was assessed by four sociodemographic factors (sex, age, occupational social class and region), smoking habit and season. Whole-grain intake of British adults has been shown to vary independently with sex, age, occupational social class and smoking (Thane et al., 2007) . Region and season were also considered since they are known to be associated with other dietary differences.
The associations of whole-grain intake with body weight and WC have been examined by scatterplots with accompanying marginal distributions as box plots along both x and y axes. Marginal distributions enhance the scatterplots by providing complementary information on the distribution of points from different data series when many overlap. Simple correlations were obtained by Spearman's rank correlation coefficient, making no assumptions about the normality or otherwise of the frequency distributions of the continuous variables.
Univariate analyses of categorical factors (that is for each factor in turn) were conducted using binary and ordinal logistic regressions-with adjustments also made for possible confounding effects of the sociodemographic and lifestyle factors. Binary logistic regressions were conducted when the dependent variable contained only two categories (for example, BMIX30 kg m À2 or not) while ordinal logistic regression was used when the dependent variable contained more than two directional categories (for example, three categories of BMI and WC). With logistic regression analyses, the likelihood-ratio test was also performed to assess the validity of the linearity assumption between the dependent variable (for example, BMI and WC categories) and wholegrain intake, prior to the reporting of P-values for trend. Po0.05 denoted statistical significance throughout. We used an individualized method of identifying likely misreporters (under-and overreporters) of food consumption, which includes an allowance for individual variation in estimated energy requirement (EER; Black and Cole, 2000;  Institute of Medicine of the National Academies, 2002). Misreporting was defined by values outside the EI/EER range of 171 CV and treated as a categorical variable. For the 2000-2001 survey only, where physical activity data were available from diaries completed concurrently with the 7-day dietary record, the analyses were rerun including misreporting as a categorical covariate (under-, over-and plausible reporters). Any differences in conclusions following this further adjustment are described.
Data were collated and analysed using Excel (Microsoft Corp., Redmond, WA, USA) and SPSS (SPSS Inc., Chicago, IL, USA) software programs. Associations of whole-grain intake with body weight and anthropometric indices are reported primarily by considering consumption of foods with X10% whole-grain content. The impact on findings of considering consumption of only foods with X25 or X51% whole-grain content is also described. In 1986 In -1987 , whole-grain intake was not associated with body weight in either sex (not shown). Similarly, no significant association was observed between whole-grain intake and BMI for either sex (Figure 1) .
Results
Whole-grain intake, body weight and BMI
In 1986-1987, using ordinal logistic regression, no significant association was found between whole-grain intake and percentages of men in the three BMI categories before adjusting for season and four sociodemographic and lifestyle factors, although a linear association of lower BMI with increasing whole-grain intake was observed after this adjustment (Table 1) . No associations were found among women. The prevalence of obese men (BMIX30 kg m À2 ) fell with increasing whole-grain intake-both before and after adjustment for season and four sociodemographic and lifestyle factors (Table 2) . Men with no whole-grain intake were significantly more likely to be obese compared with those with intake of X3 16-g amounts per day (OR 2.29; 95% CI: 1.17, 4.51), even after adjusting for season and four sociodemographic and lifestyle factors (OR 2.44; 95% CI: 1.19, 5.02). No corresponding trends were found for women. In addition, no association was found between whole-grain intake and percentages of men and women classified as overweight.
In 2000-2001, again using ordinal logistic regression, no association was found between whole-grain intake and percentages of men and women in the three BMI categories-either before or after adjusting for season and four sociodemographic and lifestyle factors, and following further adjustment for misreporting (Table 1) . With the exception of Figure 1 Body mass index by whole-grain intake in 1986-1987 and 2000-2001 (m men, women; 1986-1987: men- 
Whole-grain intake was derived from 7-day periods of dietary assessment, considering foods with X10% whole-grain content. Abbreviations: BMI, body mass index (in kg m À2 ); CI, confidence interval; OR, odds ratio; WC, waist circumference (in cm). Whole-grain intake was derived from 7-day periods of dietary assessment, considering foods with X10% whole-grain content. It was coded as 0, 1, 2, 3 and 4 (corresponding to 0 and 16-g amount categories) though treated as a continuous variable owing to its ascending order to allow reporting of linear trend with BMI and WC.
a Three categories for BMI were o25, 25 to o30 and X30 kg m À2 . Three categories for WC were: for men, o94, 94 to o102 and X102 cm; for women, o80, 80 to o88 and X88 cm. Unadj ¼ crude P-value; Adj1 ¼ adjusted for age, occupational social class, smoking habit, region and season; Adj2 ¼ as for Adj1, plus additional adjustment for misreporting (discrete factor with three categories; under-, plausible and overreporting). one significant association between whole-grain intake and higher prevalence of overweight men (BMI 25 to o30 kg m À2 ) before adjusting for season and sociodemographic and lifestyle factors (those with no whole-grain intake were less likely to be overweight compared with those with X3 16-g amounts per day; OR crude 0.53; 95% CI: 0.34, 0.81), that disappeared after adjustment, no significant associations were observed between 16-g amounts of whole-grain intake and BMI (Table 3) . At both times, associations with body weight and BMI did not differ significantly when only foods with X25 or X51% wholegrain content were used to estimate whole-grain intake.
Whole-grain intake and WC
In 2000-2001, no association was found between wholegrain intake (g day
À1
) and WC for either sex (Figure 2) . The same applied when whole-grain intake was expressed in 16-g amounts (Table 3) . Findings for men and women were similar, with one borderline exception. After adjusting for season and four sociodemographic and lifestyle factors, but before considering the impact of misreporting, an inverse linear trend was observed between whole-grain intake and the percentage of women with WCX88 cm (overall OR 0.88; 95% CI: 0.78, 0.998). However, no statistically significant differences were observed in percentages of women with WCX88 cm according to 16-g amounts of whole-grain intake, even between those with zero versus X3 16-g amounts per day (OR 1.50; 95% CI: 0.86, 2.64).
No association was found between whole-grain intake and percentages of men and women in their respective three WC categories-either before or after adjusting for season and four sociodemographic and lifestyle factors, and following further adjustment for misreporting (Table 1) . Associations with WC did not differ significantly when only foods with X25 or X51% whole-grain content were used to estimate whole-grain intake.
Impact of misreporting
Percentages of under-, plausible and overreporters for the entire sample of adults in 2000-2001 were 76, 22 and 2%, respectively, with no significant difference in respective percentages by sex. Misreporting was inversely associated with whole-grain intake, both before and after adjustment for season and four sociodemographic and lifestyle factors. Misreporting had no impact on associations between wholegrain intake and body weight, anthropometric indices and age. However, compared with plausible and overreporters of food consumption, underreporting was more common in adults with a BMIX30 kg m À2 in 2000-2001, across the range of whole-grain intake.
Discussion
The present study provides the first analysis of the association of whole-grain intake with body weight and anthropometric indices in nationally representative samples of adults living in Great Britain. Using data from 1986-1987 and 2000-2001 , an inverse association was found between whole-grain intake and percentage of obese men in 1986-1987 Linear trend, unadj ¼ crude P-value (simple linear regression for age and weight, binary logistic regression for percentages meeting criteria for BMI); adj ¼ adjusted for age, occupational social class, smoking habit, region and season (ANCOVA for age and weight, binary logistic regression for percentages meeting criteria for BMI).
only; non-consumers of whole grains being more than twice as likely to be obese compared with those who consumed X3 16-g amounts per day. No consistent associations were observed between whole-grain intake and body weight, BMI or, in 2000 BMI or, in -2001 , waist circumference (WC), regardless of whether foods included in our estimation of whole-grain intake had X10, X25 or X51% whole-grain content. Our findings contrast with several reports in the literature, mainly from large population-based studies conducted in the United States (McKeown et al., 2002; Liu et al., 2003; Good et al., 2004 Good et al., , 2005 Jensen et al., 2004) . Overall, 25 and 29% of participants had no whole-grain intake from foods containing X10% whole-grain content in 1986 -1987 , respectively (Thane et al., 2007 . The present study has used two proxy measures of adiposity since specific measures of fatness, such as skinfold measurements or percentage body fat, are not available in these surveys. BMI gives a measure of general adiposity while WC indicates central adiposity. BMI has some limitations as a proxy measure of adiposity (Prentice and Jebb, 2001; Nevill et al., 2006) . For example, BMI overestimates body fat in people who are muscular and underestimates body fat in people who have lost muscle mass. The relationship between BMI and body fat also varies with age (Movsesyan et al., 2003; Lei et al., 2006) , gender (Lei et al., 2006) and ethnicity (Deurenberg et al., 1998 (Deurenberg et al., , 2002 Kagawa et al., 2006) . WC is women: n ¼ 878, ro0.01 (P ¼ 0.99)). Whole-grain intake was derived from 7-day periods of dietary assessment, considering foods with X10% whole-grain content. Number of 16-g amounts of whole-grain intake
Age ( used as a simple measure of central adiposity (abdominal fat deposition) that correlates well with measures made by more sophisticated techniques such as MRI (Chan et al., 2003) . Both BMI and WC have been associated with risk factors for cardiovascular disease (Janssen et al., 2002; Zhu et al., 2004) , type II diabetes (Wei et al., 1997; Wang et al., 2005) and allcause mortality (Visscher et al., 2001; Bigaard et al., 2005) . Overall, in both surveys used in the present analysis, there was little evidence of an effect of whole-grain intake on weight, BMI or WC. Modest differences in the association between whole-grain intake and BMI in men, in 1986-1987 and 2000-2001, may have been influenced by the extent of overweight and obesity at the two times. Obesity among men in these two surveys was markedly higher in 2000-2001 compared with 1986-1987 (24 vs 7%) , although the corresponding difference among women was less dramatic and from a higher base (21 vs 12%). The modest differences might be due to the nature of this analysis, where cross-sectional dietary assessments may not capture the lifetime exposure very well as diets may change over time. Alternatively, a low prevalence of obesity increases the risk of a false-positive association as a result of type I errors.
A number of differences exist between the present study and previous reports. These analyses are based on smaller sample sizes than several previous studies. However, in the national dietary surveys in Great Britain, diet was assessed using prospective 7-day weighed records, while in most of the studies from the United States, FFQs were used. These depend on answers to questions about the usual frequency of consumption per day of specific food items, from which whole-grain intakes are calculated using typical serving sizes. There are a limited number of whole-grain foods listed on the FFQ (Koh-Banerjee et al., 2004), which was not specifically designed for this purpose, with the result that a number of rather nonspecific terms like 'dark bread' were assumed to be whole-grain sources. In the present study, whole-grain contents were assigned to all foods with X10% whole-grain content only after a careful scrutiny of the composition of every food item consumed in each survey (Thane et al., 2007) . Foods containing only bran or a proportion of the whole grain were not included, in contrast to some other studies where bran-containing foods were also included alongside those containing the whole grain. In addition, foods with added whole-grain components such as bran were not included in the present analysis since, despite having some of the features of whole grains, they failed to achieve the criteria that define whole grains (Whole Grains Council, 2007) .
A number of terms have been used in the earlier studies to describe and estimate whole-grain intake, including all foods with X51% whole-grain content (the Food and Drug Administration definition for health claims) or what is referred to as the 'Jacobs definition' of X25% whole grain or bran (Jacobs et al., 1998) . The strongest relationships seen in these earlier studies have been found when bran was included, and these are also where the largest differences in fibre were found (Liu et al., 2003; Koh-Banerjee et al., 2004) . This implies that fibre may be an important mediator of any effect of whole grains on anthropometric indices and is consistent with evidence suggesting that fibre may enhance weight control (Howarth et al., 2001; Liu et al., 2003; Slavin, 2005; van de Vijver et al., 2005) .
Two prospective studies have shown that high consumers of whole grains have a reduced weight gain over periods of several years (Liu et al., 2003; Koh-Banerjee et al., 2004) . However, it should be noted that although the differences achieved statistical significance, they were quantitatively very small, with estimates that a 40-g increment in whole grains (the difference between the bottom and top quintile of intake) resulted in a reduction in weight gain of 0.5-1 kg over a period of 8 or 12 years (Liu et al., 2003; Koh-Banerjee et al., 2004) . To put this change into perspective, mean body weight was higher by 5 kg for women and 10 kg for men in 2000-2001 than 14 years earlier for the cross-sectional British surveys described here. The impact of whole grains on obesity prevention, even from the results of the earlier studies, is likely to be modest.
Although most findings from the present study were obtained using data from entire samples, likely misreporting was also taken into account in 2000-2001. The high prevalence (78%) of misreporting (mainly underreporting) deemed to have occurred among participants is similar to the 81% of implausible energy intakes reported recently in almost 6500 adults living in the United States (Huang et al., 2005) . The observed association with both wholegrain intake and BMI in the present study reinforces the need to consider misreporting when examining associations between diet and adiposity. However, its inclusion in these models made no difference to conclusions about the association between whole-grain intake and adiposity.
The present study provides little evidence of a contemporary association between whole-grain intake and anthropometric indices of adults living in Great Britain. Future research in this field would be worthwhile using data from longitudinal studies and involving young people, since diet and health trajectories may be set early in life.
